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ABSTRACT
Introduction Critical care in low- income and low- 
middle income countries (LLMICs) is an underdeveloped 
component of the healthcare system. Given the increasing 
growth in demand for critical care services in LLMICs, 
understanding the current capacity to provide critical 
care is imperative to inform policy on service expansion. 
Thus, our aim is to describe the provision of critical care in 
LLMICs with respect to patients, providers, location of care 
and services and interventions delivered.
Methods and analysis We will search PubMed/MEDLINE, 
Web of Science and EMBASE for full- text original research 
articles available in English describing critical care 
services that specify the location of service delivery and 
describe patients and interventions. We will restrict our 
review to populations from LLMICs (using 2016 World 
Bank classifications) and published from 1 January 
2008 to 1 January 2020. Two- reviewer agreement will 
be required for both title/abstract and full text review 
stages, and rate of agreement will be calculated for 
each stage. We will extract data regarding the location of 
critical care service delivery, the training of the healthcare 
professionals providing services, and the illnesses treated 
according to classification by the WHO Universal Health 
Coverage Compendium.
Ethics and dissemination Reviewed and exempted 
by the Stanford University Office for Human Subjects 
Research and IRB on 20 May 2020. The results of 
this review will be disseminated through scholarly 
publication and presentation at regional and international 
conferences. This review is designed to inform broader 
WHO, International Federation for Emergency Medicine and 
partner efforts to strengthen critical care globally.
PROSPERO registration number CRD42019146802.
INTRODUCTION
Acute illness can occur at any point in the 
healthcare system, and requires recognition, 
resuscitation and stabilisation, along with 
definitive care. The WHO Emergency Care 
Systems Framework (ECSF) characterises 
acute illness as disease or injury processes 
in which delays can ‘…worsen prognosis or 
render care less effective’.1 This broad scope 
requires multiple healthcare partners in 
an integrated system to triage acuity, trans-
port patients and manage acute illness with 
infrastructure and personnel. Patients with 
acute illness often receive critical care, which 
includes interventions to support failing 
Strengths and limitations of this study
 ► To our knowledge, this will be the first systematic 
review of published literature to comprehensively 
describe the spectrum of critical care services in 
healthcare settings across low- income and lower- 
middle- income countries.
 ► We will use standard methods (comprehensive 
search, training exercises for reviewers, iterative 
process for conflict resolution) to maximise the 
rigour of this review.
 ► A multidisciplinary and multinational team identi-
fied through WHO and International Federation for 
Emergency Medicine networks will conduct this 
review.
 ► The scope of the review question is large, which will 
help to inform public policy but does not allow for 
meta- analysis to answer a focused clinical question.
 ► There is a large number of reviewers involved in arti-
cle selection, such that the threshold for inclusion of 
studies in the review may vary by reviewer pair and 
may lead to underestimation of the types or charac-
teristics of critical care services delivered.
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organ systems and prevent further deterioration while 
the underlying disease is treated.2 Critical care interven-
tions vary in technical complexity and location of delivery. 
Although mechanical ventilation in an intensive care unit 
(ICU) is a classic example, supplemental oxygen, intra-
venous fluids and close monitoring and assessment by 
nurses and physicians all contribute to the maintenance 
of basic physiological functions.3 4
Critical care services in low-resource settings
Critical illness is thought to have a higher incidence and 
mortality in low- income and low- middle- income coun-
tries (LLMICs),5–7 as shown recently with Global Burden 
of Disease data for sepsis.8 The burden is expected to 
grow because of increasing urbanisation, incidence of 
non- communicable disease and injury, and population 
life expectancy. The higher burden of critical illness in 
LLMICs is not matched by capacity in equipment, infra-
structure and healthcare workforce number and educa-
tion9–15 leading to excess mortality16 that is not well 
documented because of poor epidemiological data and 
clinical research.17 18 Because of the lack of ICU capacity, 
critically ill patients may be managed in non- traditional 
environments, including hospital wards, emergency care 
units or in prehospital settings.
Objectives
The primary objective of our systematic review is to char-
acterise the range of critical care services and interven-
tions delivered across the healthcare system in LLMICs 
by reviewing reports published from 1 January 2008 to 1 
January 2020. We aim to characterise the health service 
location in which these services or interventions are 




Studies will be eligible for inclusion if they meet the 
following criteria:
1. Study design: original, peer- reviewed research arti-
cles (including cross- sectional, case–control and co-
hort studies, randomised controlled trials, qualitative 
methods and mixed- methods studies) and systematic 
reviews that describe critical care services as defined 
below. We will exclude case reports and series, study 
protocols, studies available only as abstracts (eg, con-
ference abstracts, poster presentations, etc), and other 
unpublished studies. We will only include studies with 
online full- text availability.
2. Setting: LLMICs, as per the 2016 World Bank classifica-
tion (table 1). We decided to use the 2016 World Bank 
classification as a reference point, as the earlier clas-
sification is likely to capture more accurately the LL-
MICs during the time period from which the included 
studies originate (2008–2020). Within LLMICs, we will 
include studies that describe the location of delivery 
Table 1 List of World Bank low- income to lower- middle- 
income countries—July 2016
Country Region World Bank class
Afghanistan South Asia Low income
Armenia Europe and Central Asia Lower middle 
income
Bangladesh South Asia Lower middle 
income
Benin Sub- Saharan Africa Low income
Bhutan South Asia Lower middle 
income




Burkina Faso Sub- Saharan Africa Low income
Burundi Sub- Saharan Africa Low income
Cabo Verde Sub- Saharan Africa Lower middle 
income
Cambodia East Asia and Pacific Lower middle 
income




Sub- Saharan Africa Low income
Chad Sub- Saharan Africa Low income
Comoros Sub- Saharan Africa Low income
Congo, Dem. Rep. Sub- Saharan Africa Low income
Congo, Rep. Sub- Saharan Africa Lower middle 
income
Côte d'Ivoire Sub- Saharan Africa Lower middle 
income












Eritrea Sub- Saharan Africa Low income
Ethiopia Sub- Saharan Africa Low income
Gambia, The Sub- Saharan Africa Low income
Ghana Sub- Saharan Africa Lower middle 
income




Guinea Sub- Saharan Africa Low income
Guinea- Bissau Sub- Saharan Africa Low income
Haiti Latin America and 
Caribbean
Low income




India South Asia Lower middle 
income
Indonesia East Asia and Pacific Lower middle 
income
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of critical care services delivered by healthcare profes-
sionals in any setting. We will exclude studies describ-
ing out- of- hospital settings where care is delivered by 
lay providers, and critical care delivered in operating 
rooms as part of a surgical procedure (but will include 
studies on critical care in preoperative or postopera-
tive care environments). Our rationale is that critical 
care delivered as part of surgical anaesthesia is often 
linked to the need for anaesthesia itself rather than to 
any critical illness. We will exclude studies of military 
health operations by high- income or high- middle- 
income country armed forces operating in LLMICs 
whose treatment populations exclusively consist of mil-
itary personnel.
3. Participants: any age group.
4. Interventions: critical care services, including medi-
cal interventions, diagnostic modalities (including ra-
diology, laboratory testing and microbiology) for the 
diagnosis or prognostication of critical illness states, 
Country Region World Bank class




East Asia and Pacific Low income
Kosovo Europe and Central Asia Lower middle 
income
Kyrgyz Republic Europe and Central Asia Lower middle 
income
Lao PDR East Asia and Pacific Lower middle 
income
Lesotho Sub- Saharan Africa Lower middle 
income
Liberia Sub- Saharan Africa Low income
Madagascar Sub- Saharan Africa Low income
Malawi Sub- Saharan Africa Low income
Mali Sub- Saharan Africa Low income




East Asia and Pacific Lower middle 
income
Moldova Europe and Central Asia Lower middle 
income
Mongolia East Asia and Pacific Lower middle 
income




Mozambique Sub- Saharan Africa Low income
Myanmar East Asia and Pacific Lower middle 
income
Nepal South Asia Low income




Niger Sub- Saharan Africa Low income
Nigeria Sub- Saharan Africa Lower middle 
income




East Asia and Pacific Lower middle 
income
Philippines East Asia and Pacific Lower middle 
income
Rwanda Sub- Saharan Africa Low income
Samoa East Asia and Pacific Lower middle 
income
São Tomé and 
Principe
Sub- Saharan Africa Lower middle 
income
Senegal Sub- Saharan Africa Low income
Sierra Leone Sub- Saharan Africa Low income
Solomon Islands East Asia and Pacific Lower middle 
income
Somalia Sub- Saharan Africa Low income
South Sudan Sub- Saharan Africa Low income
Table 1 Continued
Continued
Country Region World Bank class
Sri Lanka South Asia Lower middle 
income
Sudan Sub- Saharan Africa Lower middle 
income








Tajikistan Europe and Central Asia Lower middle 
income
Tanzania Sub- Saharan Africa Low income
Timor- Leste East Asia and Pacific Lower middle 
income
Togo Sub- Saharan Africa Low income
Tonga East Asia and Pacific Lower middle 
income




Uganda Sub- Saharan Africa Low income
Ukraine Europe and Central Asia Lower middle 
income
Uzbekistan Europe and Central Asia Lower middle 
income
Vanuatu East Asia and Pacific Lower middle 
income
Vietnam East Asia and Pacific Lower middle 
income
West Bank and 
Gaza








Zambia Sub- Saharan Africa Lower middle 
income
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pharmaceutical services, and healthcare systems- based 
processes (including advance care planning; coordi-
nation of specialist services, critical care triage or care 
pathways; crisis, surge, mass casualty and disaster man-
agement (box 1)). This list reflects a broad perspective 
of critical care services and is informed by the WHO 
ECSF.19
We will include studies that describe critical care service 
utilisation as a study intervention, exposure or outcome, 
including studies of capacity building or education if they 
also involve service delivery for patients. We will exclude 
simulated interventions.
5. Timing: studies published from 1 January 2008 to 1 
January 2020. This date range encompasses the con-
temporaneous provision of critical care studied before 
the onset of the global COVID-19 pandemic.
6. Language: studies available in English language 
through search filters.
Information sources
Our databases include PubMed/MEDLINE, EMBASE 
and Web of Science, supplemented by scanning of refer-
ence lists of relevant systematic reviews and searches of 
WHO intranet databases. We will not consider grey litera-
ture due to the large scope of the review question and the 
desire to focus on peer- reviewed studies.
Search strategies
Literature search strategies were developed by the authors 
in conjunction with a Stanford University Health Sciences 
librarian (CDS) with expertise in systematic review 
searching, with technical support from WHO Library 
services (TA). We used controlled vocabulary terms and 
text words related to critical care in LLMICs (see online 
supplemental appendix 1 for PubMed/MEDLINE search 
strategy, subsequently adapted to EMBASE and Web of 
Science). We also searched PROSPERO for ongoing or 
recently completed systematic reviews. We restricted 
search results to citations in English pertaining to humans, 
published from 1 January 2008 to 1 January 2020.
Study records
Literature search results will be uploaded to Covidence 
(Covidence, Melbourne, Australia), a web- based online 
platform that facilitates collaboration among reviewers 
during systematic review study selection. Full- text articles 
will be uploaded to Covidence during the full- text review 
phase.
Selection process
Reviewers will be unblinded to author and institution 
details of citations. To maximise consistency in assessing 
inclusion and exclusion criteria among 21 reviewers, 
we plan calibration pilot exercises for title and abstract 
screening and group discussions using Google Groups 
(Google, Mountain View, California, USA) and online 
group videoconferencing. This training will emphasise 
the need for sensitivity in citation selection in the title and 
abstract phase. Independently and in duplicate, reviewers 
Box 1 Critical care service delivery/interventions list
Monitoring/nursing
 ► Frequent monitoring/surveillance and recording of clinical parame-
ters (vital signs, pulse oximetry, capnography, etc).
 ► Acuity- based triage/performance of focused assessment for the 
critically ill (including shock, altered mental status, respiratory dis-
tress, polytrauma, etc).
 ► Critical care nursing services (including implementation of higher 
than floor/ward- level care or nurse:patient ratio).
 ► Frequent monitoring/surveillance of fetus (fetal heart monitoring, 
tocometry, etc).
Interventions for haemodynamic instability/organ dysfunction
 ► Support of haemodynamic instability and management of acute life 
threatening organ dysfunction.
 ► Titration of advanced parenteral therapeutics.
 ► Intravenous fluid resuscitation.
 ► Blood products transfusion.
 ► Administration of advanced blood replacement therapies (eg, 
plasmapheresis).
 ► Massive haemorrhage control (including tourniquet application, 
haemostatic agents, pelvic binding).
 ► Targeted temperature management and hyperthermia/hypothermia 
management.
 ► Vasopressor/inotrope administration.
 ► Antiarrhythmic medication administration for the critically ill.
 ► Cardiopulmonary resuscitation, basic only (chest compressions in 
the absence of invasive procedures).
 ► Advanced cardiac life- support resuscitation (include emergent pac-
ing, defibrillation, cardioversion).
 ► Spinal immobilisation.
 ► Extracorporeal membrane oxygenation/extracorporeal life support.
 ► Advanced trauma resuscitation/Advanced Trauma Life Support/WHO 
Trauma Care Checklist use.
Respiratory interventions
 ► Support of respiratory insufficiency/failure.
 ► Oxygen delivery, simple (face mask, nasal prongs).
 ► Oxygen delivery, high flow (>15 L/min).
 ► Mechanical ventilation, non- invasive (including continuous positive 
airway pressure).
 ► Mechanical ventilation, invasive.
 ► Non- invasive airway management (basic airway opening maneu-
versmanoeuvres, bag mask ventilation, oropharyngeal or nasopha-
ryngeal airway placement, etc).
 ► Advanced invasive airway management, non- surgical (tracheal intu-
bation, laryngeal mask airway placement, bougie, airway exchange 
catheters, etc).
 ► Advanced surgical airway management (tracheostomy, cricothyrot-
omy performed outside the operating room/theatre).
Other invasive procedures
 ► Peripheral venous cannulation for the critically ill.
 ► Advanced vascular access (arterial lines, central venous/pulmonary 
artery catheters, intraosseous access).
 ► Thoracic invasive procedures for the critically ill (thoracostomy, 
pleural drain placement, thoracentesis, pericardiocentesis, emer-
gent thoracotomy performed outside of the operating room/theatre).
Additional targeted therapies
 ► Early antibiotic administration for the critically ill.
 ► Treatment of severe infections/inflammation/sepsis (steroids and 
other adjuncts).
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will screen titles and abstracts for potentially relevant 
studies using Covidence. Because of the anticipated very 
large number of potentially relevant citations, the agree-
ment of two members of the review team will be required 
for citation selection at the title and abstract phase; 
disagreements will be adjudicated by a third reviewer.
Full- text versions of citations included at the title and 
abstract screening phase will be retrieved and reviewed by 
the same team of reviewers. If full text is not retrievable by 
at least two reviewers, including efforts to contact the study 
authors directly, the study will be excluded as unavailable. 
If retrieved citations are found to be abstract- only, they 
will be excluded, but we will search for any subsequent 
peer- reviewed journal publications not already captured 
by our search. The agreement of two reviewers will be 
required for inclusion of the full- text study in the system-
atic review, with conflicts resolved by a third reviewer 
experienced with this review process. Reasons for full- text 
exclusion will be recorded (table 2).
Data extraction
Individual reviewers will extract data from selected articles 
using Excel (Microsoft, Redmond, Washington, USA). 
The data sheet underwent multiple iterations, informed 
by pilot testing on selected articles and group discussion. 
A review group member will review each cluster of data 
entry for consistency of data extraction.
We will extract data on the study design, LLMIC country 
or countries involved, article identifiers, location(s) 
within the healthcare system that critical care service(s) 
were delivered, healthcare provider(s) providing the 
service(s), the critical care service(s) provided, critical 
illnesses addressed, sample size, and the age range of 
the study population. Given the clinical heterogeneity of 
patient populations and interventions, we will not extract 
data on patient outcomes or the number of critical care 
beds in a given study facility.
Critical care services will be identified using interna-
tional professional society definitions and the scope of 
critical care functions in the WHO ECSF. Services will 
be subsequently classified based on the categories in 
the WHO Universal Health Coverage (UHC) Compen-
dium.20 We will use the top level architecture of the 
compendium to categorise services broadly into founda-
tions of care, reproductive and sexual health, nutrition, 
end- of- life and palliative care issues, violence and injury, 
non- communicable diseases (including diseases of the 
cardiovascular, respiratory, neurologic, endocrine/meta-
bolic, immunological, digestive, haematological, genito-
urinary and other systems) and communicable diseases.
Limitations
A potential overall source of bias in this review is the large 
number of reviewers involved in article selection, such that 
the threshold for inclusion of studies in the review may vary 
by reviewer pair and may lead to an underestimation of 
the locations or types of critical care services delivered. We 
Box 1 Continued
 ► Monitoring and treatment of critical electrolyte/metabolic/acid base 
derangements.
 ► Nutrition management for the critically ill/injured.
 ► Provision of prophylaxis associated with critical illness (including 
alimentary, venous thromboembolism).
 ► Advanced burn care for the critically ill.
 ► Emergent poisoning detoxification/antidote.
 ► Acute reperfusion therapy: medical or interventional (cardiac/coro-
nary arteries).
 ► Acute reperfusion therapy: medical or interventional (pulmonary 
embolism or other acute thromboembolism).
Neurological interventions
 ► Acute medical stabilisation of critical neurological illness/provision 
of neuroprotection for the critically ill (eg, seizure management).
 ► Acute surgical stabilisation of critical neurological illness (eg, emer-
gent craniotomy, ventricular drain, intracranial pressure monitor 
performed outside the operating room/theatre).
 ► Acute management of agitation/delirium.
 ► Acute reperfusion therapy: medical or interventional (neurovascular 
procedures for cerebrovascular pathology such as stenting, coiling 
performed outside the operating room/theatre).
 ► Analgesia and sedation (sedative infusions, moderate/conscious se-
dation, up to general anaesthesia, performed outside the operating 
room/theatre).
Obstetrical critical care services
Obstetric critical care management (induction, tocolytic, high- risk la-
bour, emergent/complex delivery, perimortem caesarean section per-
formed outside the operating room/theatre).
Diagnostic modalities
 ► Utilisation of targeted diagnostic strategy to establish timely aetiol-
ogy for the critically ill.
 ► Basic radiography.
 ► CT.
 ► MRI.
 ► Critical care ultrasound, including point- of- care transthoracic/tran-
soesophageal echocardiography.
 ► Laboratory and other rapid results reporting including point- 
of- care diagnostics (arterial blood gas, glucometry, chemistry, 
haematology).
 ► Microbiology and other infectious rapid results reporting.
Multi- system processes related to critical care service delivery
 ► Prognosis- based advance care planning (critical care level hospice/
palliative, goals of care discussions, plan for de- escalation of care 
and transition to post- critical care needs appropriate to context).
 ► Coordination of specialist services for multisystem illness (manag-
ing communication between, and coordination of, various health-
care personnel caring for patient detailing diagnosis, treatment 
given and disposition).
 ► Critical care triage/care pathways systems/clinical illness severity 
and/or risk stratification.
 ► Critical care level crisis management (surge response, disaster 
management, multiple casualty incident).
 ► Health information systems, medical records.
Other critical care services
 ► Critical care pharmacy services.
 ► Critical care education and capacity building (must have clinical ser-
vice delivery component).
 ► Other critical care intervention/service delivery
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have attempted to mitigate this bias by extensive training of 
reviewers as described above.
Our study does not include publications on critical care 
delivery during the COVID-19 pandemic, and characteristics 
of care delivery may have changed over that time.
Risk of bias
Given the broad scope of the review, anticipated heteroge-
neous studies (regarding design, population. methods and 
outcomes), and lack of planned meta- analyses to calcu-
late summary effects of associations between exposures 
and outcomes, we will not assess the risk of bias (ROB) of 
individual studies. ROB of included studies is crucial to 
assess when conducting a systematic review of therapeutic 
outcomes, diagnosis, natural history, prognosis or clinical 
prediction. However, for this study, we aim to describe the 
location of critical care delivery and the specific services 
and interventions delivered. Although a complete sample 
of published literature within our time frame of interest is 
crucial, we believe that assessing the ROB of each included 
study is not relevant to our intended review objectives.
Data analysis
We will calculate summary descriptive statistics, using counts 
and proportions for categorical data and means (SD) or 
median (Q1, Q3) for continuous data. We will describe the 
number of publications by year, types of services delivered, 
healthcare provider type, location of service delivery, study 
population age group and critical illness category (based on 
the WHO UHC Compendium), stratified by World Bank 
income class and WHO region. Due to the descriptive nature 
of the study question and expected heterogeneity of patients 
and interventions, no meta- analyses of effects on patient 
outcomes are planned. We anticipate that narrative synthesis 
may be required to summarise our study results. We will 
conduct a sensitivity analysis to separately consider studies 
that report only on adults and studies only on children.
Subsequent ancillary reviews based on this dataset of 
studies may investigate specific age group populations, conti-
nents/regions, World Bank classes, critical care intervention 
clusters, disease groups, locations or healthcare professionals 
involved.
Ethics and dissemination
The study protocol was reviewed and exempted by the 
Stanford University Office for Human Subjects Research 
and Institutional Review Board (IRB) on 20 May 2020. The 
results of this review will be disseminated through scholarly 
publication and presentation at regional and international 
conferences. This review is designed to inform broader 
WHO, International Federation for Emergency Medicine 
and partner efforts to strengthen critical care globally.
We anticipate that the results of this comprehensive review 
will describe the current scope of critical care services, 
providers and location of service delivery in LLMICs, and will 
provide a database of pertinent literature for future studies. 
The results of the review will be instrumental for planners 
and policy makers in developing critical care service infra-
structure, funding priorities and capacity- building interven-
tions, and will highlight gaps in current knowledge of critical 
care service delivery in LLMICs.
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